a sub-national study in Oman reported that half of the adult population sit ≥ 3 hours/day. 16 It also reported a significant association of sitting time with the metabolic syndrome. 16 We report a descriptive epidemiological analysis of high sitting time from a large population-based survey of Omani adults, reporting sociodemographic and other correlates that may help to identify higherrisk subgroups.
M ET H O D S
The Oman World Health Survey is a cross-sectional household survey of adults living in Oman conducted in 2008. It followed the World Health Organization (WHO) World Health Survey methodology. 17 The Arabic version of the instrument was adapted using the local Arabic dialect. A multistage sampling design was used where a random sample of 1 700 houses was selected from 191 census clusters in Oman, and an individual was randomly selected in each selected household from all eligible household members. A high proportion of those selected completed the household interview (4 717 nationals and non-nationals, response rate 86.3%). 18 Omani participants with complete data for all key variables were included in the present analyses.
The findings of the Oman World Health Survey 2008 were published by the Ministry of Health in 2012. Data preparation and analyses for this study was conducted in 2016 after ethical approval to carry out secondary analysis was granted by the Ministry of Health Research Committee.
The adapted Arabic version of the World Health Survey instrument was used to collect data for demographic variables (gender, age, education, work status, marital status, place of residence, and wealth). Physical activity behavior and sitting time were measured using the Global Physical Activity Questionnaire (GPAQ), a validated tool developed by the WHO to estimate physical activity levels in diverse countries around the world. 19−21 Although not validated for Arab populations, both the long and short form have been used in numerous studies conducted in the Arabian Gulf. 15 Demographic and behavioral data were collected using face-to-face household and individual interviews. Questionnaires were reviewed for quality prior to data entry into the SPSS statistical software (SPSS Statistics Inc., Chicago, USA) version 9.0.
The independent variables included gender, age (18-40 and > 40 years), educational attainment (illiterate, less than secondary education, and secondary and above), marital status (married, not married), work status (employed, unemployed), wealth (quintiles), and place of residence (urban, rural). Principle components analysis based on household assets was carried out to classify participants into wealth quintiles. 18 Place of residence followed the government definition; participants living in an area with a population of at least 2 500 with access to basic services such as public education and electricity/telephone networks were classified as urban. 22 Physical activity and sitting time were scored as per the GPAQ protocol. 23 Physically active individuals were those who engaged in at least 150 minutes of moderate physical activity per week. Inclusion and categorization of variables were based on bivariate and regression analysis to ensure that there was sufficient power for the regression models and adequate numbers in all categories.
The dependent variable was total sitting time based on the single item in the GPAQ instrument: 'Over the past 7 days, how much time did you spend sitting or reclining on a typical day?' . Responses reported as hours and/or minutes per day. The distribution of sitting time as well as the natural logarithm were non-normal, therefore, a categorical variable (< 7 hours/day vs. ≥ 7 hours/day) was developed guided by the recent evidence of increased risk > 7 hours/day of sitting time. 10, 11 Data were analysed using the STATA 11 software (StataCorp. 2009. Stata Statistical Software: Release 11. College Station, TX: StataCorp LP.). Bivariate analysis and logistic regression using the sociodemographic variables and physical activity were carried out to examine the prevalence of prolonged sitting in Oman and to determine the independent associations of correlates with sitting time.
All models were weighted to the Omani population in 2008. Models (without weighting) were tested for gender and age interactions. Due to multiple interactions, regression analysis was carried out segregated by gender and age. Goodness of fit tests were carried out to determine how well data fitted the models. Results were reported as odds ratios (OR) with 95% confidence intervals (CI) and statistically significant at p ≤ 0.050.
Participants who had complete information on sociodemographic variables, physical activity, and sitting time (n = 2 977, 49.9% women) were included in this study. The interquartile range (IQR) for daily sitting time was similar between men and women (men: 120, 300; women: 120, 360 minutes/ day). Those who were older, married, less educated, unemployed, and not physically active had higher mean sitting times than their counterparts [ Table 1 ]. One in five adults was found sitting for ≥ 7 hours/ day (men: 17.4%, women: 20.0%). The proportion sitting for ≥ 7 hours/day was significantly higher in men and women age ≥ 40 years compared to < 40 years, men: 22.0% and 14.6%, respectively (p < 0.001), and women: 26.9% and 15.2%, respectively (p < 0.001).
Logistic regression analyses using variables identified as significant in bivariate analysis were carried out. The models for men included education, wealth status, work status, and physical activity levels. Women's models included marital status, education, work status, and physical activity levels. Due to numerous gender and age interactions, analyses were conducted for men and women in two age groups (< 40 years, ≥ 40 years).
The p-values for the Hosmer−Lemeshow tests indicated that the models were all good fit (p-values ranged between 0.647 to 0.991). For men, working status was significantly associated with ≥ 7 hours/day of sitting time [ Table 2 ]. The OR for prolonged sitting was half for men who were unemployed compared to those who were employed; 0.59 (95% CI 0.36-0.97, p = 0.038) for men < 40 years old and 0.47 (95% CI 0.25-0.90, p = 0.022) for men ≥ 40 years. The OR was more than double for active men age ≥ 40 years compared to inactive; 2.31 (95% CI 1.25-4.26, p = 0.007); an association not seen in men age < 40 years. Education, marital status, and physical activity were significantly associated with sitting ≥ 7 hours/day in the women's models but differed by age cohorts. For women < 40 years old, the OR for sitting ≥ 7 hours/day was nearly a third for educated women compared to least educated, 0.35 (95% CI 0.13-0.93, p = 0.035). For women age ≥ 40 years, the OR for prolonged sitting was more than double for married women compared to the unmarried 2.59 (95% CI 1.52-4.40, p < 0.001). In addition, the OR was more than double for physically active older women compared to their inactive counterparts 2.12 (95% CI 1.23-3.66, p = 0.007). 
D I S C U S S I O N
This is the first descriptive epidemiological study of sedentary behavior for a national population not only for Oman but for any of the oil-producing countries of the Arabian Peninsula. The prevalence of prolonged sitting time (≥ 7 hours/day) was significantly higher in men and women age ≥ 40 years compared to their younger cohorts. Education, marital status, working status, and physical activity levels were associated with prolonged sitting time but varied by gender and age. Higher daily sitting times are associated with greater risk of all-cause mortality.
10,11 A threshold of ≥ 7 hours/day has been proposed as a basis for public health recommendations. 10 However, few studies used this cut-point making comparisons difficult. In this study, one in five Omani adults reported high sitting times. Similar proportions were seen in some parts of southern Europe (i.e., Hungary, Portugal, and Romania), the lowest in the continent; prevalences were much higher (≥ 30%) in countries in north western Europe. 24 Although this study does not identify domain-specific sitting, it establishes a basis for monitoring sitting time trends in the region. Further research using objective measurements (such as accelerometers) and tools that assess sitting time across domains (e.g. occupational, transport, and leisure-time) are warranted. 25, 26 Given the changing trends in occupational, leisure activity, and motorization, research should focus on prolonged occupational sitting, sitting in cars, and screen use (TV, smart phones, and computers) during leisure. 15 Higher prevalence of more-prolonged sitting among older adults contrasts with findings from Sur, a city 150 km from the national capital (Muscat), which reported age having a negative association among women. 27 Similar to the findings for gender, this trend is not consistently reported globally. 24,28−30 The variations by age and gender for sitting time in Oman could be due to various factors including occupational patterns, leisure time activities as well as cultural characteristics. 28, 29, 31 It is possible, for example, that men and women of different age groups living in agricultural areas of the northern coast and southern tip of the country have differing activity patterns compared to the maritime communities of eastern Oman, the more nomadic communities of the desert region and the modernized parts of the capital city. Further research is required to better understand the age and gender relationships. Given the higher levels of inactivity among women and the differing associations of activity with the correlates according to gender, public health interventions should be targeted specifically to men and women. 15, 32, 33 The higher odds of sitting time for men who are employed compared to unemployed indicates the importance of understanding the labor market. A multi-county review reported a similar finding with overall leisure sitting time, 30 a common measure of sedentary behavior. Due to the high dependency on non-nationals, particularly in the unskilled labor market, it is likely Omani men are increasingly being employed in sedentary occupations. Thus, the Omani working population is a key group that could be targeted for the reduction of sedentary behavior. Further research to examine occupational sitting would be useful for the development of appropriate interventions.
Among the other sociodemographic correlates examined, only higher educational attainment showed a significant association with prolonged sitting in younger women. Globally, results are mixed; the Eurobarometer study reported a positive association 24 as seen among men in Sur, Oman. 27 The International Prevalence Study reported broadly similar findings for 15 of the 20 countries. 30 Further examination of the relationships of educational attainment and other indicators of socioeconomic position with domain-specific sedentary behavior would better identify possible high risk groups for targeting interventions.
Numerous studies have explored the association of sedentary behavior with physical activity. Many report higher sedentary behavior being associated with less physical activity, 24, 28, 30 however, others detect no association or a positive association, higher sedentary behavior associated with higher physical activity. 30 The positive association seen among older adults in this study warrants further examination. Domain-specific studies for both physical activity and sedentary behavior would help better assess their relationship.
This study was a population-based national survey of Omani adults that followed a standard protocol and the data was weighted to the Omani population. However, four key limitations were identified. First, although the instrument is widely used in the region, it has not been validated for an Arab population. Second, given the error associated with self-reported measures and the one-item sitting time measure, it is possible that the reported sitting time is over-or underestimated. Objective measures would be useful to better understand sedentary behavior in this population. Third, dividing educational attainment into only two categories may have resulted in potentially biased findings. It is possible that more educated adults have better health literacy than their less educated counterparts. A larger sample would have been helpful to ensure adequate numbers in all categories to allow a more thorough exploration of the associations of education and behavior. Finally, the associations reported do not denote causality owing to the cross-sectional nature of the study.
C O N C LU S I O N S
Prolonged time spent in sedentary behavior is an emerging public health concern, particularly since the rates of type 2 diabetes, cardiovascular disease, and obesity are escalating in the countries of the Arabian Peninsula. These findings provide the first national-level evidence on the prevalence and correlates of this behavior in Omani adults. One in five Omani adults sit for seven or more hours every day, and preventive approaches focusing on older adults and working men may have public health benefit. However, further research is needed to understand domain-specific sitting time and to further identify high risk groups, in order to guide decision-makers in developing the most relevant preventive approaches.
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